Figure 1. DOCK2 Is Essential for TCR-Mediated Rac Activation (A-C) Splenic T cells or thymocytes were stimulated with anti-CD3 mAb in the presence (lower two panels in [A]; [B] and [C]) or absence (upper two panels in [A]) of anti-CD28
mAb for the indicated times. Cell extracts were incubated with GST-fusion PAK1 RBD, and activation of Rac1 (A), Rac2 (B), or Cdc42 (C) was analyzed using the mAb 23A8 that preferentially recognizes Rac1, Rac2-specific antibody, or Cdc42-specific antibody, respectively. The specificity of anti-Rac antibodies was confirmed with GST-fusion mouse Rac1 and Rac2.
physiological function of DOCK2 in TCR signaling path-(Erks) was somewhat reduced in both splenic T cells and thymocytes of DOCK2 Ϫ/Ϫ mice, phosphorylation of way remains to be elucidated.
Here we demonstrate that DOCK2 is essential for c-Jun NH 2 -teminal kinases (Jnks) was unchanged between DOCK2 ϩ/Ϫ and DOCK2 Ϫ/Ϫ T cells ( Figure 2C ). Al-TCR-mediated Rac activation and regulates antigeninduced translocation of TCR and lipid rafts, but not though phosphorylation of Vav is known to augment its PKC-and LFA-1, during IS formation. In addition, we GDP/GTP exchange activity for Rac (Crespo et al., 1997), show how DOCK2 deficiency affects T cell function in no significant difference was observed between the thymus and periphery. 
cells. When stimulation (Figures 2E-2H). These results indicate that, splenic T cells and thymocytes of DOCK2
ϩ/Ϫ mice were differing from the case of Vav1-deficient T cells, TCR stimulated with anti-CD3 antibody in the presence or signaling pathways other than Rac activation are almost absence of anti-CD28 antibody, the GTP-bound, actiintact in DOCK2-deficient T cells. vated Rac1 was clearly detected ( Figure 1A) . However, such Rac1 activation was almost totally abolished in both splenic T cells and thymocytes of DOCK2 Ϫ/Ϫ mice Immunological Synapse Formation Is Impaired ( Figure 1A ). Similar results were obtained when Rac2 in DOCK2 Ϫ/Ϫ T Cells activation was analyzed for splenic T cells and thymoHaving found that DOCK2 functions downstream of cytes stimulated with anti-CD3 plus anti-CD28 antibodTCRs, we examined whether DOCK2 deficiency affects ies ( Figure 1B ). On the other hand, we found that Cdc42 IS formation using 2B4 TCR␣␤ transgenic (2B4␣␤ Tg) was activated even in DOCK2 Ϫ/Ϫ splenic T cells following mice expressing I-E k (a positively selecting MHC class TCR stimulation ( Figure 1C 
2B4␣␤ Tg and DOCK2
Ϫ/Ϫ 2B4␣␤ Tg mice, with anti-CD3 plus anti-CD28 antibodies, Lck and ZAP70 more than 90% of the splenic CD4 ϩ T cells were stained were comparably phosphorylated between DOCK2 ϩ/Ϫ with the monoclonal antibody (mAb) A2B4 specific for and DOCK2 Ϫ/Ϫ mice (Figures 2A and 2B ). While phosphorylation of extracellular signal-regulated kinases 2B4 TCR␣␤ ( Figure 3A ). In addition, the majority of 
2B4␣␤ Tg CD4
ϩ T cells stimulated with 99Q around 50% of the level without preincubation ( Figures  3B and 3D ). Under this condition, however, TCR polarpeptide ( Figure 3B ).
Next we examined the role of DOCK2 in lipid raft ization and lipid raft clustering were scarcely detected in DOCK2 Ϫ/Ϫ 2B4␣␤ Tg CD4 ϩ T cells ( Figure 3D ). These clustering during IS formation using CTx that binds to 
